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Classic PNH-patients have clinical evidence of intravascular hemolysis: signs of marrow stimulation-reticulocytosis, high levels of LDH and direct or indirect bilirubin, low concentration of serum haptoglobin, without evidence of another defined bone marrow abnormality. -PNH in the setting of another bone marrow disorder-patients in this subcategory have clinical and laboratory evidence of hemolysis, but also have or have had a history of a defined underlying marrow abnormality (eg. PNH/ aplastic anemia, PNH/ refractory anemia-MDS). -Subclinical PNH-patients have no clinical or laboratory evidence of hemolysis. PNH-sc is observed in association with bone marrow failure syndromes, particularly aplastic anemia and refractory anemia-MDS. The course of the disease is marked by exacerbations of hemolysis of varying severity on top of the chronic hemolysis which exists in these patients. Repeated paroxysmal episodes often necessitate a transfusion. The paroxysms may be triggered by infections, stress, trauma, surgery, pregnancy and drugs. Intravascular hemolysis is responsible for most symptoms observed in PNH patients. Free hemoglobin released from PNH red cells during intravascular hemolysis can completely deplete haptoglobin and then overflow into the urine resulting in hemoglobinuria (Tabbara, 1992) . Once the capacity of this hemoglobin scavenging protein is exceeded, (Parker et al. 2005 ) consumption of endogenous nitric oxide (NO) ensues. This reduced bioavailability of NO could also promote platelet and endothelial activation, leading to intravascular thrombosis Parker C et al. 1996; Rother RP et al. 2005) . The occurrence of thrombotic events can sometimes lead to the diagnosis. Venous thrombosis may be recurrent and often occur in uncommon sites (Gralnick HR et al. 1995) such as pre-hepatic veins (Budd-Chiari syndrome), splenic, portal, renal, cerebral or mesenteric veins or inferior vena cava. An increased incidence of arterial thrombosis has also been reported. Nitric oxide depletion also causes disturbances in the regulation of smooth muscle tone (especially during PNH exacerbations), resulting in abdominal pain, dysphagia and erectile dysfunction-it has been well established that local NO deficiency is one of the major factors responsible for erectile dysfunction (Corbin et al. 2002) . Moreover, about 50% of patients with hemolytic PNH have elevated pulmonary artery systolic pressure . About 35% of PNH patients are presenting symptoms of anemia. It should be distinguished how much of the anemia is a consequence of hemolysis and how much is due to impaired erythropoiesis. Review of the complete blood count is informative, because evidence of thrombocytopenia, leucopenia or both suggests stem cell dysfunction. Marrow failure is likely to be a contributing factor in a patient with PNH who has anemia with an inappropriately low reticulocyte count.
Diagnostics
As PNH is a very rare disease, appropriate choice of patients for PNH screening is a very important issue. It should include patients with hemoglobinuria, Coombs negative intravascular hemolysis (based on abnormally high serum LDH, especially with iron deficiency), venous thrombosis involving unusual sites, aplastic anemia and refractory anemia. In 1939 Ham and Dingle's historic paper described the first diagnostic test for PNH utilizing the finding that PNH red cells were exquisitely sensitive to hemolysis in the setting of acidified serum, now known as the Ham's test. It has been used to diagnose PNH for decades. Other traditional diagnostic tests were sucrose and thrombin lysis tests, cheap and simple to perform, but with decreased sensitivity due to the short half-life of circulating PNH red blood cells (Bessler and Hiken, 2008) . Nowadays flow cytometry is the gold standard method as it is the most sensitive and yields the most quantitative and qualitative information (Parker C et al. 2005) . This technique uses specific antibodies directed against antigens normally tethered by GPI to the surface of hematopoietic cells (erythrocytes, granulocytes and monocytes). Analysis of erythrocytes should either precede transfusions or be performed during a period of transfusion abstinence. The results of the analysis for erythrocytes should include the percentage of type I, type II, and type III PNH cells (Parker C et al. 2005) . Analysis of granulocytes provides the best estimate of the size of the PNH clone and it is unaffected by red cells transfusion (Bessler and Hiken 2008) . Another method used for PNH diagnosis is lack of FLAER (fluorescently labeled inactive toxin aerolysin) binding to GPI anchor on peripheral blood granulocytes. The method cannot be used for the analysis of red blood cells or platelets, thus it might be difficult to perform in severe aplastic anemia due to very low number of circulating granulocytes. PIGA gene mutation analysis, although very specific, is not used for diagnosing PNH. Supportive laboratory tests confirming presence of intravascular hemolysis are helpful, although not diagnostic: increased lactate dehydrogenase (LDH), low haptoglobin, increased unconjugated bilirubin, hemoglobinuria, hemosiderinuria, reticulocytosis and erythroid hyperplasia in the bone marrow. Median survival in PNH is 10 to 15 years after diagnosis, with a wide range (Brodsky, 2009 ). Men and women are affected equally and there is no familial tendency. Thrombophilia is a major cause of morbidity and mortality in PNH (Hillmen et al. 1995; Socie G et al. 1996) . About 40% of patients with PNH experience a thrombotic event during the course of disease (Hillmen et al. 1995; Socie G et al. 1996; Ware RE et al. 1992) . Risk of developing thrombosis is proportional to the size of the PNH clone Hall C et al. 2003; Moyo V et al. 2004; Nishimura J 2004) . Population of PNH granulocytes >50% predicts an increased risk of thrombosis (Hall C et al. 2003) . The cause of thrombotic tendency in PNH is multifactorial. Free plasma hemoglobin may contribute to platelets activation and thrombosis. The effect of free hemoglobin on platelet function is probably through the scavenging of nitric oxide (NO). Reduction of NO generation leeds to increased platelet aggregation (Broekman et al. 1991 , Schafer et al. 2004 . Another complication in PNH is bone marrow insufficiency (Hillmen et al. 1995) . It has long been known that there is a close correlation between PNH and aplastic anemia. Renal failure has been recognized as a complication of PNH for many years. Between 8% and 18 % of deaths in PNH have been reported to have renal failure as at least a contributing factor (Nishimura JI et al. 2004; Clark DA et al. 1981) . The cause of renal failure is probably damage of proximal renal tubules by iron released during intravascular hemolysis (Hillmen 2008) . PNH is only rarely associated with acute myeloid leukemia. It occurs in approximately 5% of patients with aplastic anemia. Marrow aplasia predisposes to PNH and to the leukemic transformation into acute leukemia. In most leukemia patients with PNH who have been studied the leukemic clone has been derived from the PNH clone (Hillmen P et al. 1995) . A significant proportion of patients survive for prolonged periods (approximately 25% surviving over 25 years with blood transfusion support only) and about 10% to 15% experiences a spontaneous recovery from PNH with no sequelae attributable to the disease . A possible hypothesis to explain occasional spontaneous recovery is that intensity of aplastic process that is positively selecting PNH clones reduces with time. Recovery would depend on the presence of normal stem cells capable of regenerating the bone marrow (Hillmen P et al. 1995) Before initiating treatment of PNH, it is useful to stratify patients into classical or hypoplastic PNH. This can usually be accomplished by obtaining a complete blood and reticulocyte count, LDH determination, peripheral blood flow cytometry and bone marrow examination. Regardless of how patients with small PNH clones are classified (eg. AA/PNH, MDS/PNH or subclinical PNH), they do not have to and should not be treated, unless symptoms appear. Patients with PNH clones less than 10% rarely require clinical intervention, nevertheless they should be monitored closely because expansion of the clone may occur. Monitoring of granulocyte and erythrocyte clone size is sometimes performed every 6 to 12 months. Patients with PNH have an impaired quality of life in comparison with the general population. They suffer from chronic fatique, which seriously compromises their professional and personal lives (Moyo VM et al. 2004) . Patients with chronic hemolysis complain of lethargy, malaise, myalgia (Clark DA et al. 1981) . The dysphagia and male impotence of PNH appear related to hemolysis (Rosse WF 2000) .
Treatment
PNH patients with either chronic hemolysis or with acute hemolytic exacerbations may be treated with corticosteroids (Rosse WF 1982; Zhao M et al. 2002; Bourants K 1994; Issaragrisil S et al. 1987) . Some patients respond rapidly and dramatically to prednisone given in the dose range of 0,25-1,0 mg/kg per day, but chronic use of corticosteroids may cause adverse effects such as immunosuppression, osteopenia, myopathy, iatrogenic Cushing syndrome, hypertension or in diabetes (Rosse WF 1982) . Androgen therapy either alone or combination with steroids has been used successfully to treat anemia in PNH (Rosse WF 1982; Hartman RC 1966) , especially caused by the underlying bone marrow failure. Although starting dose of 400 mg twice a day is recommended, a lower dose (200-400mg/24h) may be adequate to control chronic hemolysis. Potential complications of androgen treatment include liver toxicy (cholestatic jaundice, peliosis hepatic) prostatic hypertrophy and virilizing effects. Transfusion therapy, despite improvement of blood hemoglobin, reduces hemolysis by suppressing erythropoiesis. The iron overload that follows repeated transfusion is prevented by the urinary loss of iron due to the hemoglobinuria and hemosiderinuria connected with intravascular hemolysis (Parker C et al. 2005) . To prevent transfusion reaction arising from the interaction between donor leukocytes and recipient's antibodies hemofiltration is recommended. Folates supplementation (5 mg/24h) is recommended to compensate for their utilization associated with increased erythropoiesis consequencing from hemolysis (Parker et al. 2005) . Chronic hemosiderinuria and hemoglobinuria may lead to severe iron deficiency despite repeated transfusions, thus PNH patients often require iron supplementation. PNH patients with cytopenias often respond to immunosuppressive therapy with anti-lymphocyte globulin and/or ciclosporin, because of associated aplastic anemia. As the hemolysis of PNH is a consequence of complement-mediated cytolysis, inhibition of complement is a logical approach to therapy (Parker CJ 2003) . Eculizumab is a humanized monoclonal antibody that targets complement protein C5, thereby preventing assembly of the terminal complement complex (also called the Membrane Attack Complex or MAC) during complement activation. Eculizumab is an IgG kappa immunoglobulin with engineered Fc portion that is a hybrid of IgG2 and IgG4 designed to have no downstream activity-thus eculizumab is a purely "blocking" antibody that prevents the cleavage and thus activation of C5 (Hillmen, 2008) . Eculizumab is highly effective in reducing intravascular hemolysis in PNH, but it does not stop extravascular hemolysis, and it does not treat the bone marrow failure. Thus treatment with eculizumab is most effective in patients with classic PNH-it decreases or eliminates the need of blood transfusion, reduces the risk of thrombosis and improves quality of life Hillmen et al. 2006; Brodsky RA 2008) . Eculizumab has been approvated by FDA for PNH treatment in 2007. Thrombosis is an absolute indication for initiating treatment with eculizumab (Brodsky 2009 ). Some authors recommend eculizumab for patients with disabling fatigue, transfusion dependency, frequent painful paroxysms, renal insufficiency. Watchful waiting is appropriate for asymptomatic patients or those with mild symptoms (Brodsky and Jones, 2005; Young 2002 ). Eculizumab therapy shouldn't be initiated in patients with unresolved serious Neisseria menigitidis infection and who are not currently vaccinated against it. Eculizumab is administered intravenously at a dose of 600mg weekly for first 4 weeks, then 900mg biweekly starting on week 5 (Brodsky 2009 ). Eculizumab is generally well tolerated, but the most frequent adverse events observed in clinical studies were: headache, nasopharyngitis, back pain, nausea and fatique. Eculizumab increases risk of meningococcal infections, so ideally patients should be vaccinated 2 weeks before commencing eculizumab and re-vaccinated every 2 to 3 years. Patients also need to be instructed to contact doctor immediately if they develop any symptoms suggesting meningococcal infection, such as very high temperatures, a hemorrhagic rash or neck stiffness (Hillmen 2008) . Most patients with PNH who are treated with eculizumab will cease to require transfusions. This leads to an increase in the proportion of PNH red cells as they are not destroyed by complement nor diluted by transfusions ). In some patients the proportion of PNH red cells may exceed 90% so if eculizumab is stopped for any reason, it may be followed by a sudden fall in hemoglobin and brisk hemoglobinuria. Patients who receive eculizumab must be educated that they cannot simply miss a scheduled dose of therapy (Hillmen, 2008) . Prophylaxis against thromboembolic events in patients with PNH is an issue of debate among members of the International PNH Interests Group (Moyo VM et al. 2004; Nishimura et al. 2004; Clark DA et al 1981; Sloand EM, 2000) . The relatively high risk of a thromboembolic complications justifies prophylaxis with warfarin in PNH when over 50% granulocytes are GPI-AP deficient and there are no contraindications to anticoagulation (Nishimura et al. 2004) . Patients with PNH who experience a thromboembolic event should receive high-intensity warfarin therapy (International Normalized Ratio INR 3.0-4.0) or subcutaneous low molecular weight heparin (Parker et al. 2005) . Prophylactic anticoagulation with low molecular weight heparin should be initiated in PNH patients with elevated D-dimer levels, during pregnancy and puerperal period and in the perioperative period (Brodsky, 2009) . Patients with acute thrombotic events require anticoagulation with heparin. Thrombolytic therapy (McMullin et al. 1994; Sholar et al. 1985) or radiologic intervention (Griffith et al. 1996) should be strongly considered in patients with acute onset of Budd-Chiari syndrome.
Hematopoietic cell transplantation
Nowadays, the availability of option to prevent complement-dependent hemolysis by use of eculizumab has decreased use of allogeneic hematopoietic cell transplantation (allo-HCT) in PNH. Allo-HCT is the only curative and durable therapy for PNH which is still recommended for PNH patients with life-threatening cytopenias, hemolysis or thrombosis, that is not controlled with eculizumab therapy. The decision to perform allo-HCT should weigh disease prognosis by incorporating known adverse prognostic factors such as previous history of thrombosis and/or evolution to pancytopenia, against the risk of transplant-related complications. Multiple transplant-related risk factors for hemolysis can be managed without exacerbation of hemolysis during the procedure (Markiewicz et al. 2006 ). Selection of the appropriate candidate and, equally important, the right time to perform allo-HCT are important questions that need to be answered (Matozs-Fernandez et al. 2009 ). The fact that the majority of patients undergoing allo-HCT usually already had an extensive transfusion history is an important issue. PNH patients with peripheral cytopenias meeting criteria for severe aplastic anemia are considered good candidates for allo-HCT. Allo-HCT should not be offered as initial therapy for most patients with classical PNH. Exceptions are patients with PNH in countries where eculizumab therapy is not available, primarily due to considerable cost of treatment. Although allogeneic hematopoietic cell transplantation (allo-HCT) offers complete cure of PNH with complete eradication of the PNH clone, outcomes presented in the past were controversial. Thus it is important to reevaluate results of allo-HCT in PNH. There are few reports on the use of allo-HCT for PNH and nearly all of them include small numbers of patients. Small series and reporting biases make assessment of transplant outcomes difficult. There are few risk factors associated with worse survival: occurrence of thrombosis, progression to pancytopenia, transformation to myelodysplastic syndrome or acute leukemia and thrombocytopenia at diagnosis. Transplants from siblings and especially from unrelated donors performed in the past, before implementation of complete allelic HLA-typing, were based on suboptimal donorrecipient matching. Moreover, improvements of HLA typing, growing experience of transplant teams and better either myeloablative or reduced intensity conditioning and concomitant therapy with introduction of novel antimicrobial agents enabled achieving better outcomes of allo-HCT in PNH. Similar to other allo-HCT transplantation patients, younger age and the availability of a fully HLA-matched sibling donor are favorable prognostic factors. Proper choice of conditioning regimen is a very important component of treatment with allo-HCT. Eradication of the PNH clone has been achieved with both myeloablative and reduced-intensity conditioning regimens (Matozs-Fernandez et al. 2009; Suenaga et al. 2001 ). Myeloablative regimens used in PNH consisted of busulfan and cyclophosphamide or fludarabine, high-dose cyclophosphamide alone or together with total body irradiation (TBI) (Raiola et al. 2000; Woodard et al. 2001 ). This type of conditioning has been associated with high treatment-related mortality, high-dose cyclophosphamide used alone did not exert a significant effect on PNH clone in the long term (Cho SG et al. 2003) . In reduced-intensity conditioning fludarabine has been used with or without TBI or cyclophosphamide, and less often with cladribine, thiotepa, busulfan or melphalan in various combinations (Grosskreutz C et al. 2003) . In addition to conditioning anti-thymocyte globulin (ATG, Thymoglobuline) and alemtuzumab (Campath) are used in unrelated allo-HCT setting. High-dose myeloablative conditioning regimen is not required. Non-myeloablative regimens, capable to completely eradicate the PNH clone and thus cure PNH, may be preferable in younger patients seeking to maintain fertility or in patients with moderate organ dysfunction who may not tolerate myeloablative doses of chemotherapy. Nonmyeloablative syngeneic bone marrow transplantation did not cure the disease, suggesting that there is an important "graft versus PNH" effect of transplantation. The conditioning regimen of cyclophosphamide/ATG is recommended for patients with PNH/aplastic anemia. For patients with classic PNH a more myeloablative regimen is indicated, eg. radiation-or busulfan-based (Parker C et al. 2005) . The rationale for use of treosulfanbased conditioning has been its favorably low non-hematological toxicity profile and myeloablative efficiency demonstrated earlier in a dose-finding study (Casper J et al. 2010) . It has been reported to be safe and efficient conditioning treatment for PNH (Markiewicz et al. 2005) . The primary objective of the reduced intensity conditioning (RIC) is to achieve stable engraftment of donor cells rather than bone marrow ablation. It provides the potentially curative option for patients with advanced PNH (Hegenbart U et al. 2003) . The nonmyeloablative conditioning regimens consisting of fludarabine with either TBI (Grosskreutz C et al. 2003; Hegenbart U et al. 2003) , or cyclophosphamide (Takahashi Y et al. 2004 ) were reported to have adequate potential to eliminate the PNH clone and to allow engraftment. Fludarabine seems to be a highly immunosuppressive nucleoside analogue that has been used in several reduced-intensity conditioning regimens, yielding high engraftment rates with minimal conditioning-related morbidity (Sirinivasan R et al. 2006) . Numerous evidence suggests that donor alloimmune effects play a critical role in the eradication of PNH cells following reduced-intensity conditioning with fludarabine. Importantly, in vitro and in vivo data from patients undergoing fludarabine-based reduced-intensity conditioning have shown that allo-reactive donor T-cells recognizing minor histocompatibility antigens expressed on both normal and GPI-anchored protein negative recipient cells can eradicate PNH (Takahashi Y et al. 2004) . At first PNH cells persist following conditioning chemotherapy, then gradual decline of GPI-negative cells takes place followed by conversion to full donor T-cell chimerism and disappearance of residual PNH cells after CsA withdrawal. Minor histocompatibility antigen-specific donor T-cells can be expanded from patients post-transplant with in vitro cytotoxicity against GPI-negative cells of recipient origin. Addition of fludarabine to cyclophosphamide and ATG provides additional host immunosuppression that helps to achieve engraftment in patients at high risk for rejection. It also enables to reduce the traditional dose of cyclophosphamide (200mg/kg) without compromising engraftment. Excellent engraftment and long-term survival has been reported in patients with PNH undergoing this reduced-intensity transplant approach (Sirinivasan R, 2006) , especially suitable for heavily transfused and/or alloimmunized PNH patients. Overall survival for unselected PNH patients who undergo transplantation using a HLAmatched sibling donor is in the range of 50 to 60% (Parker C et al. 2005) . Acute GVHD and extensive chronic GVHD are reported as a major complications that may increase treatmentrelated mortality after alloHCT in PNH. Chronic graft-versus host disease (GVHD) is a major complication of patients after allo-HCT. Acute and chronic GVHD after RIC are also seen and may not differ substantially from those occurring after fully ablative transplantation (Grosskreutz C et al. 2003) . The combination of methotrexate and cyclosporine A appears to be superior to either agent alone in preventing acute GVHD (Strob R et al. 1986 ).
Transplant centers' experience
There are few reports about survival after allogenic transplantation in PNH. The International Bone Marrow Transplantation Registry reported 2-year survival in recipients of HLA-identical sibling transplantation in years 1978-1995 (median age of recipients was 28 years) (Saso R, 1999) . Saso et al. described 57 patients who underwent transplantation with myeloablative conditioning from related (n=50) und unrelated (n=7) donors. 19 (33,3%) died within the first 4 months from graft failure (35%), infection (15%), GvHD (15%), bleeding (5%) and interstitial pneumonitis or acute respiratory distress syndrome (30%). The majority of the deaths in this study occurred within one year of transplantation. Long-term survival was 56% after related and 14% after unrelated transplantation. The EBMT (European group for Blood and Marrow Transplantation) has reported 70% survival after allo-HCT for PNH, but only 54% met the criteria of classical PNH (Latour RP et al. 2008) . Graft failure occurred in 6% of patients. Acute and chronic GVHD occurred in 15% and 20% of patients, respectively. Uni-variant analysis showed better outcome in younger patients (less than 30 years of age) and in patients transplanted less than 2 years from the date of diagnosis (Piccin A et al. 2009 ). The GITMO (Gruppo Italiano Trapianto Midollo Osseo) has reported a retrospective study of 26 patients (median age 32 years) with PNH who received allo-HCT between 1988 and 2006 (Santaronr et al. 2010) . Median time from diagnosis to transplant was 33 months (range: 3-208 months). HLA-matched sibling donor were used for 22 patients, HLA-matched unrelated donor for 1 patient and 3 patients received cells from HLA-mismatched donors (2 related and 1 unrelated). Myeloablative conditioning regimen (busulfan and cyclophosphamide) has been used in 15 patients and non-myeloablative regimen (treosulfan and cyclophosphamide) in 11 patients. The 10-year probability of survival was 57% for all patients with a median follow-up of 131 months. There has been one primary graft failure after myeloablative conditioning regimen and one secondary graft failure in a patient who received RIC allo-HCT. Both died from complications of a second transplant. Acute GVHD greater than stage 2 occurred in 2 of the 26 patients. The cumulative incidence of chronic GVHD in 20 evaluable patients was 50%, in 4 of them chronic GVHD was extensive. Transplant related mortality at one year was 25% in patients after myeloablative conditioning and 63% in patients after RIC. Three patients died of multiorgan failure after RIC allo-HCT from non-identical donor. 15 patients are alive with complete hematologic recovery and no evidence of PNH. 21 patients with PNH or AA/PNH have received allo-HCT after treosulfan-based conditioning in Department of Hematology and BMT of Medical University of Silesia in Katowice, Poland, in years 2004 -2011 Table 1 ). 19 allo-HCTs were from 10/10 (15 pts) or 9/10 (4 pts) HLA-matched unrelated donors and 2 from HLA-matched siblings. Median age of recipients was 28 (range 20-51) years and donors 33 (19-53) years, median time from diagnosis to allo-HCT was 16 (2-97) months. Median size of PNH clone was 90% (4%-98%) granulocytes. Indication for allo-HCT was aplastic/hypoplastic bone marrow (11 pts), MDS (1 pt), severe course of PNH with hemolytic crises (5 pts) and transfusion-dependency (in remaining 4 pts). Additional risk factors were Budd-Chiari syndrome and hepatosplenomegaly (1 pt), history of renal insufficiency requiring hemodialyses (2 pts) and chronic hepatitis B (1 pt). The preparative regimen consisted of treosulfan 3x14 g/m2 plus fludarabine 5x30 mg/m2 (19 pts) or treosulfan 2x10 g/m2 plus cyclophosphamide 4x40 mg/kg (2 pts). Standard GVHD prophylaxis consisted of cyclosporine-A, methotrexate and pre-transplant ATG or thymoglobulin in MUD-HCT. Source of cells was bone marrow (9 pts) or peripheral blood (12 pts) with median 2.9 or 11.0 x10(8)NC/kg, 2.4 or 6.2 x10(6)CD34+cells/kg, 26.2 or 266.9 x10(6)CD3+cells/kg, respectively. Results of alloHCT are presented in Table 2 .
Patient characteristics
Mean ( Myeloablation was complete in all pts with median 9 (6-13) days of absolute agranulocytosis <0.1 G/l. Median number of transfused RBC and platelets units was 7(0-12) and 6(3-15). All pts engrafted, median counts of granulocytes 1.0 G/l, platelets 50 G/l and Hb 10 g/dl were achieved on days 17(13-39), 16(9-39) and 30(16-50) . Acute GVHD grade I,II and III was present in 8, 5 and 1 pt, limited chronic GVHD in 7 pts. LDH decreased by 80%(5%-91%) in first 30 days indicating disappearance of hemolysis. 100% donor chimerism was achieved in all pts. 1 previously hemodialysed pt died on day +102 in a consequence of nephrotoxicity complicating adenoviral/CMV hemorrhagic cystitis. Complications in survivors were FUO (5 pts), CMV reactivation (3), VOD (1), neurotoxicity (1), venal thrombosis (1), hemorrhagic cystitis (1) and mucositis (3). 20 pts (95.2%) are alive 16 months (2-61) post-transplant and are doing well without treatment. Complete disappearance of PNH clone was confirmed by flow cytometry in all surviving patients. We concluded that allo-HCT with treosulfan-based conditioning is effective and well tolerated curative therapy in PNH. Another novel theoretically interesting approach is related to selection of normal circulating CD34+/CD59+ cells with flow cytometry from PNH patients who have a mixed population of normal and abnormal cells for the purpose of performing autologous hematopoietic cell transplantation (AHCT). As yet, no case of AHCT for PNH has been reported (Xiao et al. 2010 ).
Conclusion
In conclusion, allo-HCT can be offered as an effective treatment option for PNH patients. Transplant-related risk factors for hemolysis can be managed without exacerbation of hemolysis during the procedure. Treosulfan, fludarabine and antithymocyte globulin treatment can be safely and effectively used for conditioning in PNH.
Since the first report of allo-HCT performed in PNH from sibling in 1973, several questions related to PNH and transplantation remain unresolved. What is the optimal time for alloHCT in PNH? What type of the conditioning therapy-conventional or reduced-enables to achieve durable cure without exacerbation of possible complications? And for what extend benefit of cure offered by alloHCT will defend recommendations for this method in the era of lifelong treatment of the disease with complement inhibitors? We are still looking for answers to these questions.
